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Abstract

In the debate on the impact of urbanisation on biodiversity, two characteristics of urbanisation have been identified that
mainly determine the extent of the impact, namely the level of urbanisation and the landscape context. More recently,
it has been theorised that urban sprawl in an intensive agricultural landscape has a positive influence on pollinators by
increasing habitat and resource availability. Using the eastern Po Plain (north-eastern Italy) as a model system, we inves-
tigated the relationship between attributes of landscape composition and configuration, pollinator richness and visits in
39 randomly selected permanent plots. Contrary to expectations, we found no relationship between urban sprawl and
pollinator species richness. Conversely, descriptors of urban sprawl such as landscape heterogeneity and the proportion
of urban green spaces had a positive influence on the number of pollinator visits. This suggests that urban sprawl, when
occurring in an intensive agricultural land, has a positive effect on the abundance of local pollinator populations, while it
may not promote pollinator richness due to limited immigration opportunities in the matrix of intensive agricultural land.
Our results emphasise the importance of urban green spaces in supporting pollinator communities, but also the need to
improve the heterogeneity and permeability of the landscape matrix for biodiversity to enhance pollinator conservation
in human-modified landscapes.

Keywords Flowering community - Landscape heterogeneity - Pollinators - Urban green spaces - Urban sprawl -
Urbanization

Introduction

Urbanisation is a complex phenomenon involving a redistri-
bution of people between agricultural and urban areas (van
der Merwe and Bekker 2014), resulting in profound land-
scape transformations. The social, economic, and political
dimensions of urbanisation lead to changes in the landscape
in terms of both composition (i.c., different types of land
cover and land use) and configuration (i.e., distribution, size
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and abundance of different land cover-use types) (e.g., Ruas
et al. 2022).

When it comes to examining the impact of urbanisa-
tion on biodiversity, two factors are crucial: the level of
urbanisation (e.g., urban densification, urban sprawl) and
the landscape context (e.g., agricultural, natural) in which
urbanisation takes place (Wenzel et al. 2020). Urban densi-
fication is the process of concentrating urban development
in a limited area (Vergnes et al. 2014), which is charac-
terised by high residential density, compact development
with impervious surfaces covering more than 50% of the
built-up area (Zhang et al. 2009), and a shortage of urban
green spaces (Jim 2004). On the other side, urban sprawl
is characterised by scattered settlements, often single-fam-
ily houses with residential gardens (Artmann et al. 2019)
and low residential density; compared to urban densifica-
tion, urban sprawl holds a more widespread built-up area
yet also more green spaces (Fuller and Gaston 2009; Brun-
ner and Cozens 2013; EEA 2021). The dichotomy between
dense and sprawling urbanisation has often been used to
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assess the impacts of different urban development schemes
on biodiversity and to support sustainable urban planning
(Haaland and van den Bosch 2015). Urban densification has
been shown to have a significant impact on biodiversity in
a limited area, in contrast to the comparatively low impact
observed with urban sprawl, which typically occurs with
low intensity over a large area (Sushinsky et al. 2013). Nev-
ertheless, the impacts of urban densification to surrounding
large areas of remaining natural and semi-natural habitats
are limited, allowing urban sensitive species to find refuge
and maintain their populations (Sushinsky et al. 2013; Soga
et al. 2014; Concepcion et al. 2016).

When the nature of the landscape context in which urban-
isation takes place is considered, the response of organisms
to different urban development schemes may become more
complex. In fact, studies have shown that responses to urban-
isation are often species-specific (e.g., Fenoglio et al. 2020),
being also modulated by such species traits as resource
requirements, mobility, and specialisation, that are expected
to influence ecological processes such as metapopulation
dynamics and ecological interactions (Ockinger et al. 2010;
Concepcion et al. 2015). When accounting for species traits
it becomes thus clear that, besides the density of impervious
surfaces, other features may modulate the impact of urban-
isation, namely the landscape context in which urbanisation
occurs, in terms of both landscape composition and con-
figuration. Substantial empirical support has been given to
the hypothesis that biodiversity decline is at least partly due
to processes occurring at landscape scales, with such land-
scape attributes as the size, shape and spatial arrangement
of land use-land cover patches, and their relative propor-
tion being key factors in affecting biodiversity patterns and
ecological processes (Betts et al. 2019; Martin et al. 2019).
As such, the landscape context is expected to strongly influ-
ence species movements, especially when suitable habitat
patches are surrounded by a matrix of unsuitable land (e.g.,
impervious surfaces or areas of intensive agriculture) that
limit species dispersal (Revilla et al. 2004).

Species traits and the landscape context become even
more crucial when considering species interactions (Mody
et al. 2020), with effects increasing when strongly interact-
ing organisms are involved, such as e.g., in the pollination
process. Since the pollination process involves interactions
between species belonging to two different trophic levels,
any event of species loss, habitat loss or degradation that
alters the distribution and abundance of a species poses
potential risks to the associated partners. The complexity
of plant-pollinator interactions and the large differences in
terms of species traits may explain why pollinators show
contrasting effects to urbanisation (Baldock 2020). While
some studies considered urbanised areas as a potential ref-
uge for pollinators and thus plant-pollinator interactions

@ Springer

(Baldock et al. 2015; Hall et al. 2017; Theodorou et al.
2017), other saw urbanisation as a major cause of species
loss and pollination contact reduction (Andrieu et al. 2009;
Martins et al. 2013; Lagucki et al. 2017; Cardoso and Gon-
calves 2018).

Based on an extensive review, recently Wenzel et al.
(2020) hypothesised that urban sprawl in intensive agricul-
tural landscapes may mitigate pollinator loss. More specifi-
cally, they theorised a hump-shaped relationship between
pollinator richness and urbanisation. The core of Wenzel et
al. (2020) hypothesis is that intermediate level of urbanisa-
tion, associated with urban sprawl (namely, with impervious
surfaces covering less than 50% of the built-up area; Wenzel
et al. 2020) in a resource-poor intensive agricultural land,
would ensure greater landscape heterogeneity and increase
habitat and resource availability for pollinators, thereby
leading to positive diversity responses.

So far, studies have addressed the dichotomy of agri-
cultural and urban landscapes (e.g., Kaluza et al. 2016) or
agricultural-urban gradients where natural and semi-natural
habitats were still relevant landscape components (e.g.,
Verboven et al. 2014; Theodorou et al. 2017). However, as
emphasised by Wenzel et al. (2020), these approaches may
fail to capture the complexity of the urbanisation process
by only considering the urban vs. agricultural dichotomy,
thereby ignoring both the urban development scheme
and the nature of the agricultural areas (e.g., intensive vs.
extensive).

In the present study, we empirically tested the hypothesis
of Wenzel et al. (2020) in order to understand the response
of pollinator communities and plant-pollinator interactions
to the landscape context along an urbanisation gradient,
associated with urban sprawl in an intensive agricultural
land. In particular, we hypothesise that a positive role of
urban sprawl for pollinator communities is mediated by the
improvement of landscape heterogeneity and the availabil-
ity of urban green spaces rather than urbanisation per se.
Furthermore, we tested whether such a positive influence
is exerted both on pollinator richness and on the number
pollination visits. Since large, intensively used agricultural
areas generally provide few resources for pollinators, we
hypothesise that the positive effect of urban sprawl on pol-
linator communities will improve their local abundance
rather than their richness, as the movement of pollinators
across intensive agricultural land is limited, thus restricting
immigration opportunities. The results may help to fill the
knowledge gaps on the effects of urban sprawl in a highly
modified landscape and provide insights into how to plan
more pollinator-oriented landscapes.
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Materials and methods
Study site and data collection

The study took place in the Po Plain floodplain, in north-
ern Italy. Floodplains dominate large parts of European
land and represent one of the most distinctive landscapes
of cultural and economic relevance. Today, floodplains are
among the most heavily modified landscapes in the world,
mostly to increase the production of crops, livestock, and
urban development (Tockner and Stanford 2002). Among
the floodplains, the Po Plain is one of the most populated
and urbanised areas in Europe and is representative of
them. With an area of over 45,000 km? and a population
of over 25 million people (Lonati and Riva 2021), it is one
of the largest lowland areas in Europe. The Po Plain has
experienced centuries of intensive agricultural activities
and urbanisation that have reduced the extent of natural
and semi-natural habitats (Marchetti 2002) and created a
landscape characterised by large intensive agricultural areas
intermingled with impervious urban surfaces (Pristeri et al.
2020).

Trentino-Alto Adige
Siidtirol

Emilia-Romagna

Data were collected in the eastern Po Plain and spe-
cifically in the Veneto Region (Fig. 1). A total of 15 sam-
pling sites were selected in the study area, with an average
minimum distance of 7,356.27 +8,450.29 m between them
(mean+ SD). Sampling sites are representative of the Po
Plain landscape, which is characterised by sprawl urbanisa-
tion over intensive agricultural land (Pristeri et al. 2020).
At the selected sites, 39 permanent plots (ranging from 1
to 6 per site) were established using the stratified random
method, with spontaneous herbaceous vegetation of urban
green spaces (i.e., roadsides, ditches’ banks, overman-
aged grasslands, field margins, uncultivated areas, recently
planted hedges) serving as strata. The number of plots was
proportional to the number and surface of the different types
of urban green spaces. Plots were characterised by ruderal
vegetation dominated by Cynodon dactylon (L.) Pers.,
Dactylis glomerata L. Lolium multiflorum Lam., Plantago
lanceolata L., Poa pratensis L. subsp. pratensis, Potentilla
reptans L., and Trifolium pratense L. Plots were 2 m X 2 m
or 8 m X 0.5 m in size if the sampling areas had a narrow
shape and longitudinal development (e.g., ditches’ banks).

Legend
O Sampling sites

Il Continuous urban fabric (111)
Il Discontinuous urban fabric (112)
Industrial or commercial units (121)
« Il Road and rail networks and associated land (122)
[ ] Port areas (123)
[ Airports (124)
[ ] Green urban areas (141)
[ 1 Non-irrigated arable land (211)
|| Permanently irrigated land (212)
[ Rice flelds (213)
Vineyards (221)
[ ] Cther permanent cultures (224)
[ Pastures (231)
. E [ ] Complex cultivation patterns (242)
.y [ Broad-leaved forest (311)
I Coniferous forest (312)
] Mixed forest (313)
[ Natural grasslands (321)
[ Sclerophyllous vegetation (323)
[ ] Transitional woodland-shrub (324)
|| Beaches dunes sands (331)
[ Bare rocks (332)
"] Glaciers and perpetual snow (335)
[ Inland marshes (411)
[ salt marshes (421)
] Intertidal flats (423)
Water courses (511)
[ | Water bodies (512)
[ Coastal lagoons (521)
[ Estuaries (522)
[ ] Sea and ocean (523)

Friuli-Venezia
Giulia

Adriatic Sea

50 75 km

Fig. 1 Location of the 15 sampling sites in the eastern Po Plain. Each white dot represents a sampling site
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Each plot was monitored three times in 2022, once
between late April and early May, once in mid-July and
once between late August and early September, to account
for plants with different flowering times and pollinators
with different yearly periods of activity (Fantinato 2019).
During each survey, in each plot, the list of plant species
in bloom was recorded and the number of floral displays of
each blooming species was counted. Depending on the plant
species, a floral display consisted of a single flower (e.g.,
Ranunculus bulbosus L.), a flower head (e.g., Bellis peren-
nis L.), or a group of flowers that together formed a recog-
nisable visual unit (e.g., Trifolium pratense L.; Hegland and
Totland 2005).

To assess plant-pollinator interactions, floral visitors
were recorded during each survey (on sunny and windless
days; Fortel et al. 2014) by observing their interactions with
floral displays for 16 min, 8 min between 8 a.m. and 1 p.m.,
and 8 min between 1 p.m. and 6 p.m., respectively, to cap-
ture visitors with different daily periods of activity (Fan-
tinato et al. 2021). If a visitor had direct contact with the
reproductive organs of flowers for more than 1 s, they were
considered and recorded as a potential pollinator (Hegland
and Totland 2005). Pollinators were identified either in the
field or captured and subsequently identified in the labora-
tory at the species or morphospecies level. Following Villa-
Galaviz et al. (2023), the number of visits has been used as
a proxy for pollinator abundance.

The landscape context of each sampling site was derived
from a high-resolution land cover-use map with a radius
of 500 m, which has been shown to be consistent with the
flight range of most pollinators (Bennett and Lovell 2019),
using QGIS 2.18.18. The centre of the map for each site
was located on the plot or on the centroid of the plots con-
tained in the site if more than one plot occurred. Based on
aerial photographs provided by the Veneto Region (size:
17,751 % 15,351 px; resolution: 0.2 m X 0.2 m), every appre-
ciable landscape element on a scale of 1:500 was drawn and
categorised according to CORINE Land Cover classification
(Bossard et al. 2000). For each map, we calculated compo-
sitional attributes, i.e., the percentage cover of patches for
each CORINE Land Cover category (Wei et al. 2017) and
landscape heterogeneity based on Shannon diversity (H') of
land cover-use types (Steckel et al. 2014), as well as con-
figurational attributes, i.e., the number of patches of urban
green spaces and semi-natural areas (Lami et al. 2021). We
only counted the number of patches in the categories of
urban green spaces and semi-natural areas, as these are the
landscape elements crucial for biodiversity and their num-
ber can be used as a proxy of habitat fragmentation, which
has a major impact on biodiversity conservation (Fischer
and Lindenmayer 2007).
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Data analysis

Prior to the analysis, landscape heterogeneity was calcu-
lated based on the Shannon diversity (H') of land cover-use
types taking into account all mapped CORINE categories.
Then, the land cover-use types for each map were grouped
into five macro-categories (see Appendix 1, Table 3): semi-
natural areas, water bodies, intensive agricultural land,
urban green spaces, and impervious surfaces. All collected
data were quality controlled and outliers were identified
and removed (i.e., eight plots with a number of flowers 20
times higher than the average number of floral displays). To
determine whether landscape composition (i.e., surface of
semi-natural areas, water bodies, intensive agricultural land,
urban green spaces, impervious surfaces, and landscape
heterogeneity) and configuration (i.e., number of patches
of semi-natural areas and urban green spaces) affected the
richness of plant species in bloom and the number of flo-
ral displays we ran two separate generalised linear mixed
models (GLMMs; function glmer; R version 4.1.1; package
Ime4). Firstly, we checked for possible collinearity between
the independent variables using Spearman’s rank correla-
tions and retained those variables that were not highly cor-
related with each other (i.e., Spearman’s |r] < 0.75). As the
cover of impervious surfaces, intensive agricultural land
and urban green spaces were collinear (see Appendix I),
we chose to include in the models only the cover of urban
green spaces being the distinctive characteristic of urban
sprawl. Therefore, models with the richness of plant spe-
cies in bloom and the number of floral displays as depen-
dent variables included the percent cover and the number
of patches of urban green spaces and semi-natural areas, the
surface of water bodies and landscape heterogeneity. Since
the variables had different units, they were scaled (z-scores;
i.e., scaled to a mean of 0 and standard deviation of 1). Data
collected during each 16 min survey were used as replicates.
Two random factors were used in the models, i.e., sampling
site to avoid pseudo-replication (Fantinato 2019) and plot
identity (nested within site). The models were simplified by
backward elimination of non-significant independent vari-
ables. Since data distribution of the dependent variables was
not overdispersed (function dispersiontest; R version 4.1.1;
package AER; Cameron and Trivedi 1990), the models were
run using the Poisson error distribution and log link func-
tions. Likelihood ratio tests (LRT; function drop1; R version
4.1.1; package stats; Chambers 1992) were used to deter-
mine the significance of the models.

We then tested the influence of landscape composition
and configuration, the richness of plant species in bloom and
the number of floral displays on pollinator species richness
and visits. The distribution of pollinator species richness
and visits showed an excess of zero counts. To deal with
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this distribution, we opted for a zero-inflated Poisson model
(Zuur et al. 2009; Buffa et al. 2021). The Zero inflated Pois-
son model is the result of two stochastic models. The first
model generates zero counts of pollinator species in a plot
with probability 7. The second model generates counts with
a non-zero probability 1-m according to a Poisson distribu-
tion with mean A. The predicted number of pollinator species
is given by (1-m)-A. The absence of species is promoted by
high values of © while species richness is fostered by larger
values of A. In our modelling framework, the parameters &
and A are a function of some covariates and are estimated
jointly. Since the richness of plant species in bloom and the
number of floral displays were collinear (see Appendix I),
only the richness of plant species in bloom was included in
the model. We specified a zero-inflated model for pollina-
tor species richness by including the richness of plant spe-
cies in bloom, the percent cover and the number of patches
of urban green spaces and semi-natural areas, the surface
of water bodies and landscape heterogeneity as covariate
variables. As the variables had different units, they were
scaled (z-scores). The zero inflated Poisson models (zero-
infl function; package pscl; R version 4.1.1; Jackman 2017)
were simplified by backward elimination of non-significant
covariates. The same was done for the pollinator visits’
model.

Results

The dominant macro land cover categories in studied sites
were represented by intensive agricultural land (with a
mean cover across sites of 51.21+14.80%; mean+ SD),
followed by impervious surfaces (22.40+11.05%), and
urban green spaces (19.07 +8.11%). The percent cover of
semi-natural areas and of water bodies was always very low
(3.56+4.20% and 3.18 +1.75%, respectively). Impervious
surfaces ranged from 5.44 to 40.18%, covering almost the
total spectrum of urban sprawl phenomenon. Urban green
spaces ranged from 4.66 to 31.55%, and their average patch
area, although not statistically significant, was negatively
correlated to the number of patches (Pearson’s correlation
coefficient; » = -0.48, p=0.07).

Although each plot was covered by vegetation, plants
in bloom were only present in 75.86% of the plots. A total
of 91 plant species in bloom were identified (see Appendix
II). The number of plant species in bloom per plot ranged
from 0 to 12 and the number of floral displays per plot

ranged from 0 to 788. The average number of plant species
in bloom per plot was 3.06 +2.83 with an average number
of floral displays of 97.97 + 151.55. The most frequent ani-
mal-pollinated plant was Veronica persica Poir., which was
observed in 22 plots.

A total of 176 species or morphospecies of pollinators
were recorded (see Appendix II) and 797 pollinator visits
were observed between pollinators and 66 of the 91 plant
species in bloom (i.e., 72.53% of flowering plant species).
Pollinators were recorded in 68.97% of the plots, with an
average number of 3.60 +3.79 species and an average num-
ber of visits of 7.37 + 10.06 per plot. Pollinator species rich-
ness per plot ranged from 0 to 14 species, while the number
of visits per plot ranged from 0 to 55 visits. Pollinator spe-
cies mostly involved in pollination contacts was Apis mel-
lifera L. with a total of 169 visits.

Richness of plant species in bloom showed a significant
positive relationship with the percent cover of urban green
spaces (Table 1; Fig. 2). The same trend held true for the
number of floral displays (Table 1; Fig. 2). This means that
the richness of plant species in bloom and the number of flo-
ral displays increased with increasing area covered by urban
green spaces.

According to the zero-inflated model, the probability of
absence of pollinator species and of pollinator visits was
strongly related to the richness of plant species in bloom.
Specifically, both the probability of absence of pollinator
species and pollinator visits decreased with increasing rich-
ness of plant species in bloom (Table 2; Fig. 3). In particular,
the probability of the absence of pollinator species and pol-
linator visits dropped to 0% once at least four plant species
in bloom were present in a plot (i.e., z-score=0.33; Fig. 3).
In addition to influencing the probability of absence of pol-
linator species and of pollinator visits, the richness of plant
species in bloom also significantly influenced the expected
richness of pollinators and expected number of pollinator
visits (Table 2; Fig. 4), with expected richness of pollina-
tor species and expected number of visits increasing with
increasing richness of plant species in bloom. Regarding the
relationships between landscape composition and configu-
ration and pollinator species richness, no significant result
was found. On the other hand, the expected number of polli-
nator visits was positively associated with the percent cover
of urban green spaces and landscape heterogeneity and
negatively associated with the number of patches of urban
green spaces (Table 2; Fig. 4). This means that the number of
visits increased with increasing area of urban green spaces

Table 1 Statistics of relationships between the richness of plant species in bloom, the number of floral displays and the cover of urban green spaces

Dependent variable Explanatory variable Estimated coefficient SE p v
Richness of plant species in bloom Cover of urban green spaces 0.266 0.095 0.005 6.227
Number of floral displays Cover of urban green spaces 0.736 0.216 0.001 8.730

Only statistically significant results are shown (p <0.05)
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Fig. 2 Relationship between

the cover of urban green space
[z-score] and the richness of plant
species in bloom (a), the cover of
urban green space [z-score] and
the number of floral displays (b).
Line represents the estimate of
the generalised linear mixed-
effect models. Black points are
original data point
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Table 2 Zero-inflated Poisson model results. Here 7 is the probability of not observing any pollinator species or visit in a plot, while A is the

expected number of pollinator species or visits in a plot

Dependent variable Explanatory variable Estimated fn

Std. Error B p Bn Estimated BA  Std. Error A p BA

-6.177
-5.854
Cover of urban green spaces -
Landscape heterogeneity -

Pollinator richness ~ Richness plant species in bloom

Number of visits Richness of plant species in bloom

N. of patches of urban green spaces -

1.402 <0.001 0.271 0.053 <0.001
0.044 <0.001 0.214 0.037 <0.001
- - 0.170 0.049 0.001
- - 0.206 0.056 <0.001
- - -0.171 0.044 <0.001

Positive values of Br indicate positive associations between covariates and the absence of pollinators species or visits, while fA indicate posi-
tive associations between covariates and the expected number of pollinator species or visits. Only coefficients for significant covariates were

included

Fig. 3 Association between the
probability of absence of pollina-
tor species and the richness of
plant species in bloom [z-score]
(a), and between pollinator visits
and the richness of plant species
in bloom [z-score] (b). For each
covariate, the probability of
absence was estimated as func-
tion of the selected covariate,
setting the other covariates equal
to their mean values
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and with increasing landscape heterogeneity but decreased
with increasing number of patches of urban green spaces.
No significant relationships were found between pollinator
richness and visits, and the cover of semi-natural areas and
their number of patches.

Discussion

In our study, we did not find a positive response of pollina-
tor species richness to increasing urbanisation in the context
of urban sprawl. In particular, pollinator species richness
did not show any recognisable patterns clearly associated
with urban green spaces, which are used here as a proxy for
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Richness of plant species in bloom [z-score]

the urban sprawl process. Instead, both the richness of plant
species in bloom and the number of floral displays showed
a significant positive correlation with the cover of urban
green spaces. Urban green spaces are often only appreciated
as features vital for human health and well-being (Lepczyk
et al. 2017); however, urban green spaces have also been
proven to significantly contribute to biodiversity conserva-
tion by harbouring self-sustaining native plant populations
(Kowarik and von der Lippe 2018; Wintle et al. 2019),
including rare and threatened species (Ives et al. 2016; Plan-
chuelo et al. 2019).

Not surprisingly, our results showed that the presence
of pollinators was positively associated with the richness
of plant species in bloom, with the probability of absence
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Fig. 4 Association between the expected pollinator richness and
the richness of plant species in bloom [z-score] (a), and association
between the expected number of visits and the richness of plant species
in bloom [z-score] (b), the cover of urban green spaces [z-score] (c),

the landscape heterogeneity [z-score] (d), and the number of patches
of urban green spaces [z-score] (e). For each covariate, the expected
number of species or visits was estimated as function of the selected
covariate, setting the other covariates equal to their mean values
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decreasing with increasing plant richness. This result is in
accordance with previous research that consistently indi-
cated that more floral resources such as pollen and nectar
attract pollinators and favour their populations (Tscharn-
tke et al. 1998; Ebeling et al. 2008; Hudewenz et al. 2012;
Langlois et al. 2020), both in urban (e.g., Mata et al. 2021)
and agricultural (e.g., Jonsson et al. 2015) settings. Specifi-
cally, the zero-inflated Poisson model allowed us to define a
threshold value at which the probability of absence of pol-
linator species (and thus of pollination visits) tended to zero,
i.e. when at least four plant species in bloom were present
in a plot.

The number of pollinator visits was not only positively
related to the richness of plant species in bloom, but was
also positively influenced by landscape attributes such as the
cover of urban green spaces and landscape heterogeneity.
Accordingly, the effects of urbanisation on pollinators lies
in the presence of flowering communities that enhance land-
scape suitability for these organisms (Wenzel et al. 2020).
Urban green spaces are usually very heterogeneously struc-
tured (Baldock 2020) and differ in the type, intensity, and
timing of the management practises to which they are sub-
ject due to the different actors involved (Kowarik and von
der Lippe 2018). The interplay of structural heterogeneity
and differentiated management helps to create diverse land
cover-use types and thus provide a wide variety of living
conditions that increase the availability of niches suitable to
pollinators (Kiihn et al. 2004; Geslin et al. 2016; Parmentier
2023). Therefore, the effects of urban sprawl on pollinator
visits, used here as a proxy for pollinator abundance (Villa-
Galaviz et al. 2023), are mediated by the effects that urban
green spaces have on local resources, as flowers, nesting
and overwintering sites, which have a cascading effect on
pollinator communities.

Although our approach differs substantially from that of
Wenzel et al. (2020) by using green spaces as a proxy for
urban sprawl instead of using impervious surface cover, we
can conclude that urban green spaces surrounded by inten-
sive agricultural land can have a positive effect on local
pollinator abundance, while on the other hand they cannot
promote pollinator species richness, possibly due to the lim-
ited immigration opportunities in the matrix of intensive
agricultural land. This is especially true for central pollina-
tors or non-migratory species (Jauker et al. 2009), as was
the case for the species found in our study.

Noteworthy, the number of patches of urban green
spaces showed a negative influence on pollinator abun-
dance. Although not significant, the relationship between
the number of patches and the mean patch size was nega-
tive. The decrease in pollinator visits with increasing num-
ber of patches might thus be associated with changes in
patch size and increasing edge effects that reduce habitat
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suitability (Lazaro et al. 2020; Olynyk et al. 2021) and/or
affect pollinator movements (Gonzalez et al. 2016), thereby
making pollinator communities more vulnerable to any type
of external disturbance.

Despite research repeatedly evidenced the importance of
natural and semi-natural areas (e.g., Garibaldi et al. 2011;
Kennedy et al. 2013) in supporting pollinator communities,
we did not find any relationship between either pollinator
richness or pollinator visits and semi-natural areas. This
result is likely to be linked to the negligible percent cover
of natural and semi-natural areas across the study sites.
Although unusual, this confirms the crucial role of urban
green spaces associated with urban sprawl. In heavily modi-
fied and homogeneous landscapes, where human activities
have drastically reduced the extent of natural and semi-
natural habitats, urban green spaces may represent the sole
green landscape elements. Thus, although fragmented and
often of limited surface, urban green spaces may represent
small biodiversity hotspots (Kabisch et al. 2022), becoming
beneficial microhabitats for pollinators.

A final remark deserves the hump-shaped relationship
between pollinator richness and urban sprawl, theorised by
Wenzel et al. (2020). We argue that urban sprawl and urban
densification are successive steps of the urbanisation gradi-
ent, substantially differing in the proportion of urban green
spaces. In this regard, urban sprawl represents the rising
part of the hump-shaped curve, having its peak at 50% of
built-up areas, while the descending part of the curve cor-
responds to increasing (i.e., > 50%) impervious surface and
loss of green areas, flowering communities, and landscape
heterogeneity.

In conclusion, the positive effects of urban sprawl
on pollinators should be taken with caution. Our results
undoubtedly confirm that when taking place in an intensive
agricultural landscape, urban sprawl may become beneficial
to pollinators by increasing the proportion of such resources
they depend on, as flowers, nesting and overwintering sites,
thereby making intensive agricultural land more heteroge-
neous and permeable. However, it has to be considered that
urban sprawl determines drastic and long-lasting changes to
the landscape, including habitat transformation, degradation
and fragmentation, and as such is considered as one of the
most serious threats to sustainable land use.
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